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Abstract 

Hashimoto's thyroiditis (HT) is considered to be mediated mainly by Th1 cells, but it is not known whether Graves' disease (GD) 
is associated with Th1 or Th2 predominance. Th17 cells, a novel subset of Th cells, play a crucial role in the pathogenesis of 
various autoimmune disorders. In the present study, the expression of IL-17A and IFN-y was investigated in patients with HT 
or GD. mRNA expression of IL-17A and IFN-y in peripheral blood mononuclear cells (PBMC) from 43 patients with autoim- 
mune thyroid disease (AITD) and in thyroid tissues from 40 AITD patients were measured by real-time quantitative PCR. The 
protein expression of IL-17A and IL-23p19 was examined by immunohistochemistry in thyroid tissues from 28 AITD patients. 
The mRNA levels of IL-17A and IFN-y were higher in both PBMC and thyroid tissues of HT patients than in controls (mRNA 
levels are reported as the cytokine/(3-actin ratio: IL-17 = 13.58- and 2.88-fold change and IFN-y = 16.54- and 2.74-fold change, 
respectively, P < 0.05). Also, the mRNA levels of IL-17A and IFN-y did not differ significantly in GD patients (P > 0.05). The 
high protein expression of IL-17A (IOD = 15.17 ± 4.8) and IL-23p19 (IOD = 16.84 ± 7.87) in HT was confirmed by immunohis- 
tochemistry (P < 0.05). The similar high levels of IL-17A and IFN-y suggest a mixed response of Th17 and Th1 in HT, where 
both cells may play important roles in the destruction procedure by cell-mediated cytotoxicity. 

Keywords: Graves' disease; Hashimoto's thyroiditis; lnterleukin-17; Interferon-y 



Introduction 

Autoimmune thyroid diseases (AITD), characterized 
by autoantibody production and lymphocyte infiltration that 
usually result in tissue inflammation and cell destruction, 
mainly comprise Graves' disease (GD) and Hashimoto's 
thyroiditis (HT). Because of the irregular dietary supply of 
iodine, the incidence of these diseases has been increasing 
worldwide in recent years (1). The pathogenesis of AITD 
is still unclear and both environmental and genetic factors 
tend to play critical roles. However, the exact roles of these 
factors, e.g., the roles of cytokines, are still far from clear. 
At present, more studies focus on the cytokines associated 
with the abnormal immune response and inflammatory 
process of these diseases. 

CD4+ T helper (Th) lymphocytes are traditionally clas- 



sified into Th1 and Th2 subsets on the basis of different 
cytokine secretion. Most studies have found a significantly 
higher expression of interferon-gamma (IFN-y) (a typical 
type I cytokine) in HT, suggesting that the cytokine profile 
in HT has a Th1 bias (2-4). This finding is consistent with 
other autoimmune inflammatory diseases such as rheu- 
matoid arthritis (RA) and multiple sclerosis (MS). However, 
animal models of collagen-induced arthritis and experimental 
autoimmune encephalomyelitis have shown that knockout of 
the IFN-y gene or the absence of IFN-y signal/receptors in 
vivo does not provide protection from autoimmune diseases, 
but rather promotes it (5). These conflicting results strongly 
suggest the possibility of the participation of another T-cell 
subset in the development of these autoimmune diseases. 
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Recent studies have identified this new subset of Th cell 
as "Th17" cell (6-9). Several studies have suggested that 
Th2-mediated abnormal humoral immunity is closely related 
to the onset of GD, although which cell type is predominant 
in GD remains controversial (10-12). 

Th17 is a novel subset of CD4+ Th lymphocytes that 
have been recently proposed. Distinct from Th1 and Th2, 
Th17 cells particularly secrete IL-17, and IL-23 is required 
for the maintenance of committed Th17 phenotype (13). 
The expression of Th17 cell-associated cytokines is 
significantly higher in a number of autoimmune diseases 
including MS, RA, inflammatory bowel diseases, systemic 
lupus erythematosus, and psoriasis (14-1 9). Therefore, we 
hypothesized that the IL-1 7/IL-23 axis may also be involved 
in the pathogenesis of AITD. In the present study, different 
cytokine levels were measured and the pathogenic cell 
types occurring in AITD were identified. 

Material and Methods 

Blood and tissue samples 

AITD patients were diagnosed according to the clinical 
diagnostic criteria of AITD, supplemented with the biochemi- 
cal tests of thyroid function, thyroid ultrasound, and histologi- 
cal examination (20). All the patients in the GD group had 
hyperthyroidism, goiter and positive thyroid-stimulating hor- 
mone receptor antibody (TRAb) and the patients in the HT 
group showed a high titer of thyroid peroxidases antibody, 
goiter and negative TRAb. No patient had ever received 
antithyroid drugs or thyroxine replacement, or had compli- 
cations of other autoimmune diseases or allergic diseases. 
The controls had euthyroidism without goiter and showed 
the absence of antibodies against thyroid components and 
no other autoimmune diseases. TRAb was measured by 
radioreceptor assay (Union Medical and Pharmaceutical 
Technology Limited Company, China). The study was ap- 
proved by the Clinical Research Ethics Committee of the 



First Affiliated Hospital, Xi'an Jiaotong University, and all 
specimens were collected with written informed consent 
from the participants. 

Real-time quantitative polymerase chain reaction (qRT- 
PCR) assay. Blood samples from 27 patients with GD (4 
males and 23 females; mean age = 36 ± 13 years; range 
= 15-70 years) and 16 patients with HT (all females; mean 
age = 34 ±11 years; range = 19-54 years) were collected 
in the outpatient setting of our hospital. Blood samples from 
15 healthy individuals matched for age and gender were 
collected at the Physical Checkup Center of our hospital and 
used as controls (Table 1 ). All thyroid tissues were obtained 
by biopsy from patients with GD or HT. A total of 20 GD 
samples (3 males and 17 females; mean age = 37 ± 14 
years; range = 1 7-68 years) and 20 HT tissues (1 male and 
1 9 females; mean age = 42 ± 9 years; range = 29-56 years) 
were collected. Fifteen age- and gender-matched normal 
tissues adjacent to the tumor areas of thyroid adenomas 
were removed surgically as controls. Clinical information 
about these samples is shown in Table 2. 

Immunohistochemistry assay. A total of 1 7 HT samples 
(1 male and 16 females; mean age = 38 ±11 years; range 
= 21-55 years), 11 GD samples (3 males and 8 females; 
mean age = 36 ± 6 years; range = 25-54 years), 5 age- and 
gender-matched normal tissues (1 male and 4 females; 
mean age = 45 ± 9 years; range = 35-57 years) were 
processed. Clinical information about these samples is 
shown in Table 3. 

Lymphocytes were extracted from peripheral venous 
blood and stored at -80°C until assayed. Thyroid tissues 
were stored in liquid nitrogen. 

qRT-PCR 

Peripheral blood monocytes (PBMCs) were separated 
using Lymphoprep density gradient centrifugation (TianGen 
Biotech, China). Total RNAfrom PBMCs and thyroid tissues 
was extracted with the Trizol reagent (TianGen Biotech) 



Table 1. Clinical features of patients with autoimmune thyroid disease whose PBMCs 
were studied by real-time quantitative PCR. 





Graves' disease 


Hashimoto's thyroiditis 


Control 


Range 


N 


27 


16 


15 




Gender (M/F) 


4/23 


0/16 


3/12 




Age (years) 


35.6 ± 12.9 


34.4 ± 10.8 


33.8 ±7.7 




Free T4 (pM) 


42.7 ±24.16 


12.36 ±5.35 


14.67 ±5.5 


9.05-25.5 


Free T3 (pM) 


20.1 ± 12.82 


5.8 ±3.37 


5.79 ± 2.29 


2.91-9.08 


TSH (ulU/mL) 


0.12 ±0.05 


14.02 ±8.44 


2.82 ± 1.2 


0.25-5 


TGAb (%) 


53.59 ± 74.77 


48.64 ± 19.13 


Negative 


<30 


TPOAb (U/mL) 


131.18 ± 146.6 


2459.48 ± 1038.83 


Negative 


0-34 



Data are reported as means ± SD. PBMCs = peripheral blood mononuclear cells; TSH 
= thyroid-stimulating hormone; TGAb = thyroglobulin antibody; TPOAb = thyroid peroxi- 
dases antibody. 
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according to manufacturer instructions. For each sample, 
cDNAwas synthesized using 1 ug total RNAin 20 uL total 
reaction volume with oligo dT primer, random 6 mers and 
primescript RT enzyme mix 1 (Primescript RT reagent 
kit, TaKaRa, China). The PCR amplification of cDNA was 
performed with SYBR Premix Ex Taq II (Primescript RT 
reagent kit) in the presence of primers specific for IL-17A 
(5'-CAATCC CAC GAAATC CAG GAT G-3' and 5'-GGT 
GGA GAT TCC AAG GTG AGG-3'), IFN-y (5'-GAA GAA 
TTG GAA AGA GGA GAG-3' and 5'-TGG ATG CTC TGG 
TCATCT TT-3'), and p-actin (5'-ACC CCAAGG CCAACC 
G-3' and 5'-ACA GCC TGG ATA GCA ACG TAC A-3'). A 
thermal cycler (Bio-Rad 750, USA) was used to amplify 
IL-17A, IFN-y and p-actin. PCR was performed at 95°Cfor 
30 s, followed by 35 cycles of denaturation at 95°C for 5 
s, and annealing at 58°C for 30 s. Five microliters of PCR 
products was examined on 2% agarose gel and visualized 
with ethidium bromide. The fluorescence signals were 
analyzed using the IQ5 software. 



Immunohistochemistry 

Samples were fixed in 4% paraform, dehydrated with 
an ethanol gradient, and embedded in paraffin. Sections 
(4 urn) were prepared after deparaffination with dimethyl 
benzene and dehydration with an ethanol gradient. After 
washing with PBS, the sections were soaked in 0.3% 
Triton-X for 40 min to permeabilize the cell membrane or 
the nuclear membrane and then treated with 3% dioxogen 
to prevent the activity of endogenous peroxidase. Before 
staining, non-specific binding was blocked with 10% goat 
serum at 37°C for 10 min and then at 4°C for 48 h in a 
humidified chamber. Sections incubated with PBS served 
as negative controls, and nasal polyp tissues were used 
as positive staining controls. After incubation with the pri- 
mary antibody (IL-17A and IL-23p19, diluted 1:50 in PBS) 
(Biolegend Company, USA), sections were treated with 
horseradish peroxidase-labeled strepto-antibiotin (diluted 
1 :200 in PBS; Biosynthesis Biotechnology, China) at 37°C 
for 40 min. Finally, after DAB (ZSGB-Bio, China) staining, 



Table 2. Clinical features of patients with thyroid disease whose thyroid tissue was 
studied by real-time quantitative PCR. 





Graves' disease 


Hashimoto's thyroiditis 


Control 


Range 


N 


20 


20 


15 




Gender (M/F) 


3/17 


1/19 


2/13 




Age (years) 


37.4 ± 13.5 


41.7 ±9.4 


41.5 ±7.4 




Free T4 (pM) 


61.04 ±57.76 


11.95 ±3.13 


14.98 ±5.36 


9.05-25.5 


Free T3 (pM) 


26.53 ±21.15 


4.37 ± 1.4 


5.2 ±2.3 


2.91-9.08 


TSH (ulU/mL) 


0.17 ±0.09 


20.67 ± 29.32 


2.63 ± 1.51 


0.25-5 


TGAb (%) 


35.36 ± 16.66 


30.86 ± 8.44 


Negative 


<30 


TPOAb (U/mL) 


117.4 ±75.88 


2640.05 ± 879.26 


Negative 


0-34 



Data are reported as means ± SD. TSH = thyroid-stimulating hormone; TGAb = thyro- 
globulin antibody; TPOAb = thyroid peroxidases antibody. 



Table 3. Clinical features of patients with autoimmune thyroid disease whose thyroid tis- 
sues were studied by immunohistochemistry. 

Graves' disease Hashimoto's thyroiditis Control Range 

N 11 17 5 

Gender (M/F) 3/8 1/16 1/4 

Age (years) 36.23 ±6.17 38.12 ± 10.59 45 ± 9.27 

FreeT4(pM) 40.09 ±22.13 12.6 ±3.54 14.36 ±5.93 9.05-25.5 

Free T3 (pM) 19.78 ± 11.64 4.65 ± 1.57 5.42 ± 2.7 2.91-9.08 

TSH(ulU/ml_) 0.1 ±0.04 15.96±24.69 2.32± 1.36 0.25-5 

TGAb (%) 52.76 ±70.69 35.54 ±15.44 Negative <30 

TPOAb (U/mL) 129.84 ± 135.42 2717.71 ± 797.08 Negative 0-34 

Data are reported as means ± SD. TSH = thyroid-stimulating hormone; TGAb = thyro- 
globulin antibody; TPOAb = thyroid peroxidases antibody. 
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positive cells were observed under the microscope and 
were counted by the integral optical density (IOD) method 
by two independent persons. 

Statistical analysis 

Data are reported as means ± SD. The means of multiple 
samples were analyzed by the Mann-Whitney U-test, and 
the interclass comparison was tested by the Mest or the 
Mann-Whitney test for independent samples. The paired 
sample Mest and the Wilcoxon rank sum test were used 
to compare cytokines secreted by Th1 and Th17 cells. A 
difference with a probability of P < 0.05 was considered to 
be significant. 

Results 

IL-17A and IFN-y mRNA levels in PBMC and thyroid 
tissues from AITD patients 

IL-17A and IFN-y mRNA levels were higher in the 
peripheral blood of patients with HT compared to healthy 
controls (P < 0.05; Figures 1 A and 2). The mRNA levels of 
IL-17A and IFN-y were higher in patients with GD than in 
normal controls, but the difference was not significant (P 



> 0.05; Figure 1A). 

IL-1 7Aand IFN-y mRNA levels were significantly higher 
in thyroid tissues from patients with HT than from healthy 
controls (P< 0.01). For patients with GD, IL-1 7A was higher 
than normal controls, but the difference was not significant 
(P > 0.05). IFN-y mRNA levels in thyroid tissues from pa- 
tients with GD showed no significant difference from normal 
controls (P > 0.05; Figure 1 B). In addition, the data indicated 
no significant correlation between mRNA levels of IL-17A 
and IFN-y in diseased HT lesions (P > 0.05). 

IL-17Aand IL-23 protein levels in thyroid tissues 
from HT patients 

Immunohistochemical analysis revealed higher expres- 
sion levels of IL-1 7A and IL-23p19 proteins in HT patients 
compared to normal controls (P < 0.05). The IOD of positive 
cells in each group is presented in Table 4. The expression 
of IL-1 7A and IL-23p19 proteins was detected both in the 
lymphocyte-infiltrated thyroid tissues and in the follicular 
epithelial thyroid cells. In contrast, the normal thyroid tis- 
sues and tissues from patients with GD only showed slight 
expression of IL-1 7A or IL-23p19 (Figure 3). 
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Figure 1. Relative expression of IL-17A and IFN-y mRNA in 
PBMCs and thyroid tissues. A, IL-1 7A and IFN-y mRNA expres- 
sion in peripheral blood from AITD patients and controls. B, IL- 
17A and IFN-y mRNA expression in thyroid tissues from AITD 
patients and controls. PBMCs = peripheral blood mononuclear 
cells; AITD = autoimmune thyroid disease; *P < 0.05 compared 
to control (the interclass comparison was tested by the f-test or 
the Mann-Whitney test for independent samples). 
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Figure 2. Increased amounts of IL-17A and IFN-y mRNA in HT 
patients detected by qRT-PCR was shown by gel electrophore- 
sis. HT = Hashimoto's thyroiditis; Con = control. IL-1 7 = 156 bp; 
IFN-y = 102 bp. 



Table 4. Protein expression was measured by immunohis- 
tochemistry. 





Positive IOD 


Positive IOD 




of IL-17A protein 


of IL-23p19 protein 


Hashimoto's thyroiditis 


15.17±4.8 


16.84 ±7.87 


Graves' disease 


3.01 ±0.62 


3.8 ± 1.01 


Control 


2.78 ± 0.92 


3.46 ± 0.99 



Data are reported as means ± SD. IOD = integral optical density. 
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Discussion 

AITD are some of the most common organ-specific 
autoimmune diseases with unknown mechanisms. Although 
two major types of AITD, GD and HD, have similar genetic 
backgrounds and pathological processes, they still present 
significant differences. HT is characterized by the destruc- 
tion of thyroid cells and the tendency to hypothyroidism. 
The infiltration of a large number of lymphocytes is the most 
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Figure 3. IL-17A and IL-23p19 in thyroid tissues revealed by immunohis- 
tochemistry. A, Thyroid gland section from Hashimoto's thyroiditis patients 
stained for IL-17A; a, section from Hashimoto's thyroiditis patients stained 
for IL-23p19. Arrows point to the inflammatory cells infiltrating in Hashimoto's 
thyroiditis tissues. B, Section from the Graves' disease patients stained for 
IL-17A; b, section from the Graves' disease patients stained for IL-23p19. C, 
Section from healthy controls stained for IL-17A; c, section from healthy con- 
trols stained for IL-23p19. 



unique pathologic feature of HT. In contrast, GD is character- 
ized by the production of thyroid-stimulating antibodies and 
the proliferation of thyroid cells, as well as hyperthyroidism. 
Therefore, more investigations are required to probe the 
role of this newly identified T lymphocytes, Th17 cells, in 
the pathogenesis of AITD. 

We found increased amounts of IL-17A in peripheral 
lymphocytes and the diseased tissues from HT patients, 
in agreement with a previous study, which also detected 
raised levels of Th1 7 cytokines in the peripheral 
blood and thyroid gland from AITD patients, 
mainly with HT (21 ). IL-1 7A is an inflammatory 
cytokine mainly secreted by Th1 7 cells and the 
causative role of Th1 7 cells has been proposed 
in many autoimmune diseases. For example, 
increased levels of IL-1 7 mRNAwere detected 
both in cerebrospinal fluid and in peripheral 
blood in MS, and with the highest concentra- 
tions in blood during clinical exacerbations (22). 
As mentioned earlier, overexpression of IL-1 7 
was examined in the synovium of patients with 
RA, but not in patients with osteoarthritis (9). In 
contrast to normal skin tissues, overexpression 
of IL-1 7, IL-23 and IL-6 was present in the skin 
lesions of psoriasis patients (19). Also, IL-1 7 
expression in the mucosa and serum was more 
elevated in patients with inflammatory bowel 
diseases than in patients with infectious colitis, 
ischemic colitis or normal colonic mucosa (23). 
Based on these reports, both active and passive 
immunization targeting IL-1 7 showed efficiency 
in slowing progression to disease or reducing 
the score of disease severity in animal models 
of human RAand MS (24). 

It is reasonable that intense staining for 
IL-17A should occur on the aggregation of 
lymphocytes. However, immunohistochemistry 
results have shown that thyroid epithelial cells 
(TEC) close to lymphocytes also had detectable 
expression. Previous studies have revealed 
that thyroid cells from AITD patients not only 
expressed MHC-II antigen but also produced 
many proinflammatory cytokines such as IL-1 , 
IL-6, etc. Thus, the TEC not only acquired the 
power to present autoantigens to lymphocytes 
but was also able to destroy tissue indirectly 
(25). Therefore, we propose that a vicious cycle 
also exists between TEC and lymphocytes by 
producing IL-17A, leading to the progression 
of the chronic inflammation of HT. IL-23, which 
is produced by dendritic cells, drives naive T 
cells to secrete IL-1 7 specifically and to help 
maintain or expand human Th17 cells. Our 
study also showed an elevated IL-23 expres- 
sion in HT thyroid tissues, which corresponds 
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to that of IL-17A. This finding provides indirect evidence 
that the IL-1 7/IL-23 axis plays an important role in the 
pathogenesis of HT. 

Since HT is one of the typical predominant Th1 diseases, 
we also investigated IFN-y expression. To our knowledge, 
the present study is the first to compare the expressions of 
Th1 and Th1 7 cell-related cytokines in patients with AITD. A 
study on an animal model of human HT observed increased 
numbers of Th1 and Th17 cells in the thyroid gland (26). 
Our study found overexpressed levels of IL-1 7A and IFN-y 
mRNA both in lesioned tissues and in peripheral blood, 
but no difference in the expression of mRNA of these two 
cytokines in HT. These findings may suggest that there 
is no bias of Th1 orTh17 cells in HT. However, both cells 
may somehow participate synergistically in the process of 
HT. Regarding GD patients, no difference in IL-1 7A or IFN-y 
expression was found between GD and control, indicating that 
Th17 and Th1 cells may play a lesser role in the development 
of the disease. This discrepant result may be due, at least in 
part, to the high levels of thyroid hormones. Previous studies 
had reported that circulating thyroid hormone levels seem 
to be related to the immune function in subjects with altered 
thyroid status (27). The high levels of thyroid hormones may 
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